Abstract: The Cardiac Energy Grid is a four university collaboration (UW, UM,
UCSD, MCW) to develop quantitative thermodynamically-constrained kinetic models
describing substrate and energy balance in the functioning heart at rest and during
exercise. It 1s part of the Physiome Project, an international effort to define the
physiology, biochemistry and biophysics of organisms using mathematical models. The
Physiome approach is cell-centric, considering the cell to be the integrator of signals to
drive and organize transcription and proteolysis, and to be a central control element
defining structure and function of tissues, organs, and organisms. In this program,
multi-scale modeling 1s central, built upon arrangements of modules defining particular
functions. The four teams, working on the different modules and pathways, are bringing
their efforts together into a family of multi-scale models.
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Multi-scale integration from molecule to heart
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Interpretation: TCA cycle has several velocities at once, 1n different parts, depending . - -
on nature and levels of substrates, P,, and [O,], etc.
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Strategies and Tools:

Modular programming: Preconstructed modules

for elements, channels, porters, enzymes, each constrained to
fulfill mass balance and thermodynamics are linked manually
or in automated fashion using MPC or BISEN

JSim, the UW Java-based simulation system,
uses a declarative language, MML, for writing the equations
directly 1in near-normal mathematical form, with units, and
automated unit balance checking. It 1s open source at
[www.physiome.org/JSim].

Blochemical Simulation Environment, BISEN, from
UM, uses modules to creating Matlab for execution.

Continuity, the UCSD finite element package

1s used for whole heart models for regional spread of excitation
and mechanical force development. It uses refined meshes based
on experimental measures of cardiac fiber directions.

MPC: Mathematical Program Constructor:

Rapid substitution and reformulation of multimodular models
of the middle level systems using MPC or BISEN allow us to
test the validity of model simplification and the effects on
UQ, uncertainty quantification, the ostensible accuracy of
prediction. MPC produces JSim code from JSim modules.

Reproducible Model Package is simply a fully used
JS1m Project File: It can replicate the whole of a model analysis.
The package, preserved 1n ascii, stores code, data sets, notes,
runs one or several models (8 ODE, 3 PDE solvers), flexible
graphing. It has optimizers (8) for parameter adjustment for
model fitting to data, sensitivity analysis, Monte-Carlo analysis,
parameter confidence estimates and UQ evaluation. Numerical
and optimization methods are kept for each data set.

Model Repository: is The Physiome Model Resource

at UW preserves over 400 models 1n JSim and Matlab. The
research models are supported by tutorial models illustrating the
principles and building toward the advanced models

Group Communication is fostered through scheduled
weekly meetings using Vidyo, a video platform for discussions,
presentations, document perusal, critiquing and editing with
control at any of the sites or from laptop. It 1s available anytime
for non-scheduled usage as well. DropBox also.

UO1 Summary: This U01 produces models that are used

around the world for research, clinical practice and teaching.

It 1s benefitted by related programs in the four institutions, and
in turn provides high quality modeling and quantitative thinking
to them and to the field of integrated cardiac function.



